Within the last few years, there has been a strong trend to rethink the issue of management of atherosclerotic descending thoracic and abdominal aortic aneurysms (AAAs). When etiopathogenetic associations among changes observed during the progression of the disease were not fully described, surgeons had successfully applied, although traumatic, but a rather radical method to rescue from the rupture threat. As we gained experience and knowledge about long-term outcomes, mostly concerned mortality, we realized that surgery could not be the main tactical approach to AAAs treatment due to its frequent inefficiency and failure to guarantee that the disease would be suppressed including co-morbidities, polymorphic processes and clinical manifestations. It all required more sparing treatment strategies. The situation gave rise to a more argumentative and sparing medical-and-surgical approach to treatment based on a more in-depth understanding of the etiopathogenesis of the disease whereas surgery would remain of prime importance when appropriate. The following has been developed to improve treatment outcomes for AAA: 1) Multifactorial determination of indications for surgical correction with outlining the area of relative and absolute risk of aneurysm rupture; 2) Method of conservative treatment aimed to attain and maintain optimal blood pressure, target levels of cholesterol and low-density lipoproteins, as well as reduce oxidative and inflammatory processes in aorta, strengthen its wall, stabilize the disease and control co-morbidities. A four-year follow-up of patients using this developed technology has yielded more preferred results suggesting the need for narrowing indications for surgery to treat AAAs. Another advantage of the sparing approach to treat AAA is economic, due to fewer operations and implantations of stent-grafts, considering the fact that medical treatment should be used in operated subjects, too.
Introduction
National Russian Abdominal Aortic Aneurysm Management in Adults Guidelines [1] indicate that the only and most persuasive justification for operative intervention to treat abdominal aortic aneurysm is prevention of its rupture that may be fatal. This argument made Russian experts reduce aortic diameter in which the patient would be subject to operative treatment which is 5 cm for men and 4.5 cm for women.
And still few specialists consider the treatment of AAA to be surgical [2] , although the presence of multiple concomitant somatic diseases increases ever high death rates in individuals who undergo aortic prosthesis operations up to 32% -60% [3] [4] . Even endovascular methods of AAA treatment, which are the alternative to conventional surgery, cannot dramatically solve the problem.
Worldwide and national trials show that treatment techniques for individuals with abdominal and thoracic aortic aneurysms are far from perfect [5] [6], which is not surprising as most of the investigators only analyze options for surgical treatment discarding the fact that one third of AAA subjects cannot be operated due to a variety of reasons. Moreover, high rates of co-morbidities are neglected which frequently result in death, even more frequently than aneurysm rupture itself; and despite surgery, a proportion of patients show aneurysm rupture [1] [7]- [9] . Therefore, the issue becomes more therapeutic than surgical.
Many investigators consider it feasible to use wait-and-see approach with permanent monitoring, echo and CT control and multiple conservative treatments [1] [10] when the size of aneurysm is below 5.5 cm. It is well known, however, that small-sized aneurysms (diameter between 37 and 40 mm) may rupture, too, especially if untreated. Above all, AAA is not regarded as multifactorial etiopathogenetic condition, but as an impaired mechanical pathway, which needs surgical repair.
Large randomized trials to comparatively assess open operative interventions and endovascular treatment methods have confirmed suspicions about inefficient invasive methods [11] - [13] . Thus, the search of brand new options for treatment and correction of pathological changes at early stages of aneurysm development is now a crucial issue for medical science [14] .
Recently, new works have appeared to reconsider and complement our knowledge about AAA etiopathogenesis. More authors talk about the combination of atherosclerotic, inflammatory and dysplastic changes occurring in aorta to be an aggregate cause of their development [14] - [17] . They underline the role of connective tissue display as a predictor of structural and functional changes in large arteries [17] .
The autoimmune concept of aneurysm development has found ever more followers and has been confirmed in a variety of experimental and clinical and laboratory studies. Blood serum of AAA subjects shows a broad number of autoantibodies to endothelial cell, smooth muscle cell, collagen and elastin cell antigen determinants. Patients demonstrate antiphospholipid antibodies and IgE & IgG4-producing plasma cells [18] . Interactions between autoantibodies and antigen-specific Т-lymphocytes, and corresponding aortic wall antigens induce immunoinflammatory response in vascular walls attended by migration, adhesion and infiltration of all layers of aorta with neutrophiles, monocytes/macrophages [19] [20] , dendritic and mast cells [21] , and В-and Т-lymphocytes [22] [23] . Activation signals (microbial products, immune complexes, proinflammatory cytokines, and bioactive complement protein fragments) produced on cell components result in the activation, synthesis and secretion of a broad number of molecular products including free radicals, cytokines, metalloprotease, chymase, and cytokines [24] [25] . It results in a dramatic inflammatory intensification, impaired structural and functional aortic integrity, accompanied by enlarged aortic fragment. The process progression results in the sudden rupture [26] [27] .
Our understanding of immune inflammatory molecular and cellular mechanisms in the settings of AAA is still incomplete and requires a more profound study of the role of some components and a combination of factors responsible for the progression of malignant processes and protective factors. Moreover, a search of effective therapeutic modalities that will block main inflammatory steps and factors as well as technologies of remodeling of aortic wall structure and functions is of the academic interest.
Recently, new data have been described about the efficacy of medical treatment and potential options to surgical treatments of AAAs [8] [9] [14] [15] . Therefore, at present we may surely declare that not every aneurysm may be operated but every aneurysm needs treatment.
Study aims: To define main causes of the disease progression and the onset of fatal outcome in descending aortic aneurysm (DAA) and compare results of active surgical and sparing treatment modalities.
Materials and Methods
A retrospective study was conducted in the period between 2010 and 2011 including 63 patients with DAA treated in cardiosurgical clinic, and between 2011 and 2015 including 200 patients with the same disease treated in the settings of counseling service.
The diagnosis of DAA was made based on standard diagnostic criteria: descending aortic diameter increased to more than 30mm confirmed by US or CT (CT angiography) or aortography data.
Clinical inclusion criteria of the study were: -patients with confirmed DAA subjected and not subjected to surgical treatment; -patients with/without arterial hypertension who had signed informed consent form to enter into the study.
Exclusion criteria were: -patients with other organ abnormalities at terminal stage; -patients with Marfan syndrome.
These 63 in-patient subjects treated in surgical department were analyzed using standard method (Group 1). Among them, 56 underwent operation: 50-aorta prosthesis operation and 6 received a stent-graft. Seven individuals received no operation due to a high risk associated with co-morbidities.
A total of 200 patients were analyzed using sparing treatment standardized, premodified and approved scheme in outpatient clinic settings in which surgery was used only when there was a threat of rupture [8] [9] . Among these, 121 patients had a 2-year follow-up (Group 2) and 99 patients had a 4-year follow-up (Group 3). Patients with the 4-year follow-up were divided into 2 subgroups: those showing favorable (3.1) and unfavorable (3.2) course of the disease. Survival and reasons for fatal outcomes were analyzed in all patients.
Methods

1)
Clinical studies, including CT angiography, aortic angiography, coronary angiography, and US studies; 2) Surgical treatment: aorta and iliofemoral bifurcation prosthesis and endovascular stent-graft implantation; 3) Pharmacological (including antibacterial and anti-inflammatory) therapy aimed at aortic wall strengthening was provided using sparing treatment only if there was a threat of rupture and no contraindications. The combination of ACE inhibitors with amlodipine, beta-blockers and statins was given permanently. Macrolide antibiotics (roxithromycin, azithromycin), as well as symptomatic treatment were given as courses, when signs of inflammatory process appeared (С-reactive protein more than 5 mg/l); 4) Statistical analysis using parametric and nonparametric criteria: Mann-Whitney U-test and Spearman coefficient test.
Results
In all patients on sparing treatment the wait-and-see practice and antihypertensive therapy to attain target BP level of 130/80 mm Hg was used. Blood pressure, lipid levels, C-reactive protein, and aneurysm diameter were monitored once every 6 months. Surgeries were performed in aneurysm diameter above 55 mm, obvious pain syndrome or rapid enlargement of aneurysm diameter by more than 5 mm at 6 months. In standard surgical approach, in the absence of contraindications, the intervention was performed when aneurysm diameter exceeded 45 mm. Analyses of patients with DAA showed no statistically significant differences in age, sex, aneurysm diameter, including those above and below 50 mm, their extension, diameter values of thoracic and abdominal area, and in their proportion to each other ( Table 1) .
At the same time, differences in the proportion of small, average and large aneurysms were seen. Thus, percentage of patients with aneurysms with the diameter < 50mm in Group 3 was statistically higher compared to Group 1. It is due to the patient referral to hospitalization for surgical treatment and therefore the majority of small aneurysms were excluded. Moreover, a reverse statistically significant difference in average aneurysms was observed. Group 3 showed statistically bigger aneurysms as they included all inoperable aneurysms over the 4-year follow-up period. For this reason, this group may not be considered an easy group as for the physical condition. The development of DAA is accompanied by a number of co-morbidities, suggesting that they may become a marker of multiple organ failure not only relative to the age of these patients but probable similarity to their origin and pathogenesis ( Table 2) .
As seen from Table 2 , all groups are almost consistent in frequency of certain co-morbidities irrespective of age, sex or follow-up period.
Typically, DAA patients demonstrate stenosis of coronary and brachiocephalic arteries with various severities of coronary and cerebral circulatory disorders. In a proportion of patients this combination necessitates coronary or bracheocephalic plasty or refusal from operative treatment due to a high risk of fatal outcome [3] [5] .
Almost every fourth individual was diagnosed with diabetes mellitus (24.2%), whereas renal diseases and CKD were often seen in conservatively treated patients (34.3%). The next more severe diseases were seen in patients with cancers (9.1%) in which they were a primary cause of death.
We have made a comparison of the study results (age, descending thoracic aortic/abdominal aneurysm diameter and length, BP, lipid profile, CRP), co-morbidities (cancer, CKD, DM, gout), and assessment of compliance shown by those operated and treated medically and died due to aneurysm rupture and other diseases. Statistical analysis has shown no differences across the parameters except compliance that was 2 times lower in patients with aneurysm rupture compared to death for other reasons.
At the same time, CRP values and aneurysm diameter and length in these patients were close to the margin of significant difference. Based on this, it was assumed that the key factors for the progression of DAA might include structural condition of aortic wall, inflammatory process and noncompliance.
Patient management and the results are shown in Table 3 .
In sparing management, surgical intervention was provided in only 14% of patients of Group 2 and 24.2% in Group 3. Vast majority of patients (88.9%) of Group 1 (active surgical management) received operation. Fifty patients received aorta prosthesis operation and six patients were implanted with stent-graft. Seven patients received no operation due to the severity of the disease determined by co-morbidity.
In Group 2 and Group 3 (24% and 22.2% patients, respectively) patients were not operated due to the severity of the disease, and it is 2 times more than in Group 1 (11.1%). More than half of patients on sparing treatment without co-morbidities were not operated due to a small aneurysm size and because the progression of the disease might be suppressed medicamentally. Even though the correlation exists between aneurysm diameter and the threat of rupture, statistical analysis has shown that ruptures may occur when the diameter is below 40 mm, which we observed three times in clinical settings. The cause was inflammatory process.
Even though the statistical analysis information capacity is subdued, the unidirectionality of changes is clear. The more evident are mortality rates. As [8] [9] we mentioned the comparison of mortality rate seen in Group 1 and Group 2 which was 20.6% for active surgical approach, and 9.92% for sparing management.
Hazard ratio (HR) for 2-year mortality in these groups was calculated using the following method [28] : planning, processing and reporting of data obtained from biomedical testing using SAS System-HR = 13\11: 50\110 = 2.62 (first ratio is for patients who died, and the second ratio is for survivors). Consequently, when us ing 95% confidence interval (CI) its upper and lower limits are 1.99 and 11.3, respectively. It suggests that mortality ratio in Group 2 is 2.6 times lower than in Group 1. It means that survival rate in sparing management is significantly higher than in active surgical approach. All-cause mortality in Group 3 was 23.2%, which is virtually consistent with double value of mortality seen in Group 2 (9.92%), as if doubles up the 2-year mortality value. It is also consistent with the 2-year result (20.6%) in Group 1 (active surgical management) despite the differences seen during the follow-up. Mortality rates in operated patients were 14.3% for Group 1, 0.83% for Group 2, and 20.8% for Group 3. In half of the cases it was not associated with operation itself, but with other reasons.
Mortality rates among non-operated patients were 71.4% for Group 1, 10.6% for Group 2, and 24% for Group 3. Mortality in Group 1 was high because seven patients had severe co-morbidity which had resulted in aneurysm rupture in 2 patients, and death due to other disease in three patients. Two patients were treated medicamentally.
Mortality rates due to aneurysm rupture were 2 times higher in Group 1 than in Group 2 (6.35% & 3.3%, respectively), and it was 8.1% in Group 3 which is consistent with doubling the value of 2-year follow-up for Group 2. In Group 1 and Group 3 two operated patients died as a result of aneurysm rupture. Mortality rate related to other diseases showed the same ratio between groups related to aortic rupture; two patients of Group 1 and 1 patient of Group 3 related to other disease.
The analysis of mortality in one group at 4 years has shown that it was at its highest in non-operated patients and was 24% (18 patients) but among these, only six patients had aneurysms rupture, and 12 died of other disease, and all of these individuals had clear contraindications to operation. Mortality value was almost consistent with that seen in the operated patients and made up 20.8%. In Group 3 and Group 1, it was because patients who had had surgery died of aneurysm rupture, other diseases or as a result of operation, even though they were more somatically safe.
The next position in the mortality analysis belongs to co-morbidities which were 13.1% followed by aneurysm rupture which was 8.1% and for which the surgical approach of DAA management exists.
Data obtained from the analysis suggest the presence of significant discrepancies between mortality causes and current DAA management approaches. Thus, we divided Group 3 into two subgroups by favorable course (without progression of aneurysm size) which included 26 patients and unfavorable course (with 5 mm increase of aneurysm diameter at 6 months) which included 33 patients (Group 3.1 and Group 3.2, respectively). A comparison between 67 study parameters was made using nonparametric criteria, i.e. Mann-Whitney U-Test and Spearman correlation coefficient.
Forty patients out of 90 were not included in these subgroups. These were the subjects who died immediately after the follow-up started, and those who had large aneurysm (>70 mm) at baseline; those operated at the start of follow-up period and fully noncompliant patients who had been lost to follow-up despite numerous attempts to invite them to examinations who had only baseline aneurysm diameter.
Clinical and functional comparison of patients with favorable и unfavorable course is shown in Table 4 . Statistical analysis has shown high level of significance (Р < between 0.05 and 0.00001) by nine parameters specified in Table 4 . The greatest level of significance was defined by CRP, aneurysm diameter and length, and atherogenic index (AI), BP and compliance.
As seen from Table 4 , baseline CRP < 2.7 mg/l, aneurysm diameter < 36.3 mm, aneurysm length < 63.3 mm, AI < 2.68, LDL < 2.7 mmol/l, BP < 132.4/78.6 mm Hg and present compliance suggest the favorable course.
Unfavorable course of the disease is defined by baseline DAA diameter > 44.3 mm, length > 81 mm, CRP > 8.3 mg/l, AI > 4.05, LDL > 3.46 mmol/l and BP > 142.1/86.77 mm Hg that collectively reflect the high risk of further progression of the disease. Among these factors, only aneurysm diameter and length might be corrected surgically. All other factors require immediate and targeted medical treatment, especially CRP, as it is the most evident sign of DAA unfavorable course.
Therefore, a combination of active drug therapies is administered during six months or more. If during aggressive drug therapy aneurysm stops enlarging and positive dynamics is noted making the indices close to baseline seen for favorable course, it means that the patient has a relative risk. In this case the follow-up and 
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drug therapy may proceed. If drug therapy fails to attain baseline values for favorable course of DAA (CRP, lipid profile and BP) and aneurysm enlargement persists, the risk of rupture becomes critical and requires open aortic prosthetic reconstruction surgery or stent-graft implantation. Our experience shows that DAA patients treated medicamentally tolerate operative treatment well. This approach reduces risks of aneurysm rupture that allows doctors to refrain from operations or perform them only in critical circumstances thus increasing the probability of success.
Based on these results, we have revised diagnostic and treatment approach to treat DAA: 1) Baseline CRP < 2.7 mg/l; aneurysm diameter < 36.3 mm; aneurysm length < 63.3 mm; AI < 2.68; LDL < 2.7 mmol/l; BP < 132.4/78.6 mm Hg and present compliance, the follow-up is continued with state control every 6 -12 months accompanied by symptomatic therapy;
2) Baseline aneurysm diameter > 44.3 mm; CRP > 8.3 mg/l; AI > 4.05; LDL > 3.46 mmol/l; BP > 142.1/86.77 mm Hg, unfavorable course is defined with patient switched to dynamic monitoring with control of lipid profile, С-reactive protein value, antihypertensive therapy efficacy and compliance level every 3 months; and aneurysm diameter control (US, CT or МРТ) every 6 months;
3) Antihypertensive therapy is administered using b-blockers, ACE inhibitors, calcium antagonists with targeted BP level of more than 110/70 and less than 135/80 mm Hg; azithromycin is administered with targeted level of CRP < 2.7 mg/l; statins are administered with targeted level of lipid spectrum-LDL less than 2.4 mmol/l, AI < 2.68; 4) Physical exercise is limited; 5) Co-morbidity treatment is provided at all stages; 6) In the absence of negative dynamics for DAA, baseline diameter > 44.3 mm, baseline length > 81 mm, and length after treatment > 90.57 mm, and approximation of other indices to baseline, patients may be considered as having relative risk of unfavorable course at 3 -6 months with continuation of drug therapy; 7) If drug therapy is ineffective or results in deterioration of baseline characteristics of unfavorable DAA, indications for surgery are defined.
Discussion
We failed to follow-up the group with active surgical approach over a 4 year-period, as more than half of patients were lost to contact and we could not properly classify them. However, we can observe that this group still has problems as DAA is still apparent, and the number of co-morbidities is naturally increasing. We not only see them but also continue medical correction of both progressive DAA and co -morbidities.
Currently, the indications to operation include the achievement of aneurysm diameter of more than 55mm in men and 52 mm in women, its enlargement by more than 5mm at 6 months [1] [3] [5]- [7] [29] , and as some authors believe, the fact of aneurysm detection itself [2] . Disadvantage of these indications is the absence of ethiopathogenetic features of aneurysm formation, and only metric criteria of its state are considered but it does not reflect the processes occurring in the wall. It does not favor to drug therapy enhancement to suppress the DAA progression. Unjustified operations may result in additional risk for patients, as well as moral and economic losses [3] [5] [8] [9] .
Pathomorphological studies have shown that DAA is characterized by aortic media thinning accompanied by smooth muscle vascular attenuation and extracellular matrix destruction determined by inflammation, oxidative stress and proteolysis, as well as by the formation of minor intramural thrombi inducing impaired endothelial integrity [30] [31] . Endothelial cells play a key role in maintained vascular integrity, inflammation and thrombosis control, as well as mural cells and matrix component. Endothelial cell apoptosis is associated with the activation (formation) of thrombin, platelet adhesion and clotting resulting in impaired trophism (metabolism) of vascular wall components and reduced vascular wall thickness [32] . Simultaneously, patients with DAA demonstrate increased levels of endothelial cell precursors in peripheral circulation that indirectly suggest both their rapid formation in bone marrow, and their demand seen in lesions [33] .
Circulating endothelial cells are characterized by a number of surface markers including СD31+ (platelet endothelial cell adhesion molecule PECAM-1), sialomucin (mucosialin) molecule CD34, transforming growth factor receptor molecule or endoglin CD105, vascular endothelial cadherin CD144, laminin receptor (Muc18) CD146, tyrosine kinase receptor (Tie2) CD202b, and vascular endothelial growth factor receptor-2 CD309 [33] . Detection of the abovementioned factors allows for a detailed analysis of endothelial cell or precursor content and immunophenotype in patients and standardization of cell cultures when cell therapy is provided.
The model of DAA endovascular therapy using mature aortic endovascular cells seems promising as it enhances aortic reendothelization, inflammation control, exchange of regenerative processes accompanied by stronger vascular wall and reduced risk of aortic rupture, and the usage of autologous stem cells found in bone marrow, adipose tissue or peripheral blood to restore a layer of smooth muscle fibers [34] [35] and strengthen the aortic wall. In this case we may see the inhibition of enzymes destroying elastin. Recovery of smooth muscle cells result in enhanced elastin synthesis and formation of elastin fiber network that surround aortic wall.
Intravenous immunoglobulins are used to suppress inflammatory response and produce immunomodulating effects [36] . Some authors recommend intravenous immunoglobulins G for DAA patients, as they inhibit inflammatory response, eliminate microbial antigens and produce immunomodulating effects on В-and Т-lymphocytes. A complex of methods of nonsurgical treatment of DAA, thus, can be markedly extended, especially for cases when surgery is contraindicated. Global trends in population ageing make this issue highly topical.
Comparison of intergroup mortality rates among operated and nonoperated patients has shown that the results of active surgical approach are evidently more modest compared to sparing approach to treat DAA. Even Groups who received sparing approach showed better effects of drug therapy than those who underwent surgery, even though aneurysm rupture occurs much less frequently than death due to co-morbidities (8.1% & 13.1%, respectively). This difference becomes 2-fold or more if added mortality rates after surgical intervention.
Our survival data for patients with DAA [8] [9] suggest that the use of sparing approach may bring better results than surgery. Over a 2-year follow-up, survival in patients on sparing treatment was 90.08%, and 76.8% over a 4-year follow-up.
Hertzer N.R. [37] provides some different data obtained from the follow-up of 1135 individuals. Survival was 67% at 3 years and 39% at 5 years. A randomized English and American trial investigating a group of nonoperated patients (UK Small Aneurysm Trial and ADAM) showed survival that was 64% in aortic diameter between 4.9 and 5.5 cm at 4.6 years. Nikolsky [38] and Paul [39] 
Conclusions
We are in search for the best possible DAA treatment options. Analysis and comparison of the results, opinions, and overall assessment of well-known and newly obtained data on etiopathogenesis of aortic atherosclerosis allow for a development of combined medical and surgical treatment for this group of patients. National Russian Abdominal Aortic Aneurysm Management in Adults Guidelines [1] address the prevention of aneurysm fatal rupture as the one and only justification for its operative treatment. This argument encouraged Russian specialists to lower the threshold value of aortic diameter subjected to operative treatment, which was 5 cm for men and 4.5 cm for women.
Still, many experts consider the treatment of DAA a surgical issue [2] , although the presence of co-morbidities increases death rates after aortic prosthesis operations to 32% -60% [4] [5] [7] . Even endovascular treatment modalities being the alternative to conservative surgical approach cannot offer a dramatic solution to the problem.
Our comparison of two modalities shows the need for narrowing indications for operative treatment of DAA. Conservative treatment aimed at maintaining optimal BP, targeted cholesterol and low-density lipoproteins and decreasing of oxidative and inflammatory processes in aorta, as well as strengthening its wall, stabilization of the course of disease and control of co-morbidity has yielded promising results.
There is an additional advantage of sparing approach to treat DAA, which is cost-effective, as costs of surgery, prosthetics and stent-graft implantation stably surpass expenditures for medical treatment provided for operated patients. Our experience has shown that such pharmacological modality is needed at each step of the treatment even in minor aneurysms. Moreover, it should be considered that more than one third of DAA patients cannot be operated due to co-morbidity, threshold age and baseline abnormal lesion unsuitable for operation. They also require adequate operative treatment.
To improve outcomes of treatment for DAA, the following has been developed: 1) Multifactorial determination of indications for surgical correction outlining the area of relative and absolute risk of aneurysm rupture. Baseline diameter > 44.3 mm, length > 81 mm, CRP > 8.3 mg/l, AI > 4.05 and BP > 142/87 mm Hg as well as noncompliance suggest a great risk of aneurysm rupture requiring 3 -6 month etiopathogenetic treatment. Present uncorrectable negative trends suggest the progression of the disease and are the indication for surgery.
2) Method of conservative treatment aimed at maintaining optimal BP, targeted cholesterol and low-density lipoproteins and decreasing of oxidative and inflammatory processes in aorta, as well as strengthening its wall, stabilization of the course of disease and control of co-morbidity.
A four-year follow-up for this group of patients based on our technology shows promising results and needs further implementation.
